The corrosion and corrosion inhibition of mild steel in 1.0 M H 2 SO 4 containing 10% ethyl alcohol(EtOH) by Zizyphus Spina-Christi (ZSC) extracts (aqueous extract and alcoholic extract) has been studied using chemical techniques( hydrogen evolution(HE) and mass loss(ML)) and electrochemical techniques(electrochemical impedance spectroscopy(EIS) and potentiodynamic polarization(PDP)). The effect of acid concentration on the corrosion rate of mild steel increases with acid concentration (0.25-1.5) M showing first order corrosion reaction without changing the reaction mechanism, and the results showed that when the concentration of ZSC extracts (aqueous extract and alcoholic extract) increased the rate of steel corrosion is decreased, which indicates that the inhibition of the corrosion process is produced. Electrochemical impedance spectroscopy results showed that the corrosion and corrosion inhibition of steel occurred mainly by charge transfer. The electrochemical results of polarization also showed that the extracts of ZSC plant act as mixed type inhibitors, they retarded both cathodic and anodic reaction. The experimental results from chemical and electrochemical studies were fit Langmuir isotherm. Values of equilibrium constant of adsorption K ads and the standard free energy of adsorption o . ads G Δ , for the extracts are calculated.
Introduction
Acid solutions are generally used for the removal of rust and scale in several industrial processes. Sulphuric acid is often used as a pickling acid for steel and its alloys . Mild steel is employed widely in most industries due to its low cost and availability in ease for the fabrication of various reaction vessels such as cooling tower tanks, pipelines, etc. ( Ramesh et. al., 2003) . inhibitors are (Vasanth, 2009 ): substance which retards substances which retard the cathodic processes and / or the anodic processes, that inhibitors function in one or more ways to control corrosion: by adsorption of a thin film onto the surface of a corroding material, by inducing the formation of a thick corrosion product, or by changing the characteristic of the environment resulting in reduced aggressiveness. Inhibitors are generally used in these processes to control the metal dissolution. Acid inhibitors are essentially used in metal finishing industries, acidizing of oil wells, cleaning of boilers and heat exchangers (Khaled, 2003) .
Corrosion of metals is a serious environmental problem that has been given adequate attention in the oil and gas industries because, during industrial processes such as acid cleaning and etching, metal surfaces are often made to come in contact with acidic medium, indicating that the use of inhibitors is necessary (Abdallah, 2005; Anauda et.al., 2005; Ashassi-Sorkhabi et.al., 2006) . Although there are numerous options for controlling the corrosion of metals, the use of inhibitors is one of the best methods for protecting metals against corrosion. An
Inh .HE % = (1-R / R ₀ ) 100
(1) Inh. ML 
% = (1-R` /R`₀ ) 100
(2)
Where R ₀ , R`₀ , R and R` are the corrosion rates without and with inhibitor, respectively. Also, inhibition efficiencies from electrochemical methods (EIS and PDP), are respectively:
Where R -1 ct₀ , i ⁰ corr. , R -1 ct and i corr. are charge transfer and corrosion current without and with inhibitor, respectively.
Results and Discussion

Effect of Sulfuric Acid Concentration Containing 10% EtOH on Mild Steel Corrosion at 30°C.
Chemical Study
The influence of H 2 SO 4 +10%EtOH concentrations (0.25M, 0.5M, 1.0M and 1.5M) on mild steel corrosion at 30 ⁰ C is shown in Figure ( 2). It is clear that as the concentration of the H 2 SO 4 solution increases, the slop of the straight lines also increases, indicating an increase in the dissolution of mild steel, e.g. increases of corrosion rate. The ideality of the straight lines in Figure ( 2) indicates the absence of any insoluble formed layer on the surface of the metal through the process of corrosion. The presence of induction period in the beginning of the interaction indicates the dissolution of the oxide layer formed on the surface of mild steel. The decrease of induction period in the beginning of the interaction with increasing acid concentration is detected. The rates of corrosion from HE and ML methods (R & R`) are recorded in Table ( 2), it is found that the rates of corrosion increases with increasing acid concentration, this indicates that steel corrosion in H 2 SO 4 is concentration dependent.
The relation between corrosion rate and acid concentration can be illustrate by the kinetic equation as:
Where A represents corrosion rate constant which represents the rate of metal dissolution (corrosion), n reaction order and C molar concentration of H 2 SO 4 acid. The relationship log R and / or log R' Vs. log C gave a straight lines as in Figure ( 3). The slopes of these lines represent the reaction order (n) and the intercept is log A,. It was found that the value of n is equal to unity indicating that corrosion of mild steel in H 2 SO 4 solution is the first order reaction depends on the concentration of H 2 SO 4 acid.
Electrochemical Study
Electrochemical impedance spectroscopy measurements (EIS)
Figure (4) shows electrochemical impedance spectra (Nyquest plots) at open circuit potential for mild steel corrosion in different concentrations of H 2 SO 4 containing 10% EtOH at 30º C. It gives one capacitive loop at high and med frequencies with the presence an inductive loop at low frequencies. This study allow the separation of charge transfer and diffusion process and describe the processes at the surface and also, calculate the charge transfer resistance and adsorption process (Kendig et.al., 1986; Mcdonald, 1987) .
As shown from Figure (5a) a good agreement between the theoretically calculated values of impedance and recorded laboratory values with a relatively low error. Also, Figure (5b) shows the equivalent electrical circuit of the system under study, which consists of [R s (C dl R ct (QR)] using the Setup -ZSimDemo-322 program. The electrochemical impedance parameters, solution resistance (R sol. ), double layer capacitance (C dl. ) and constant phase element (Q) were calculated and recorded in Table( 3). The resistance element with constant phase is given from equation:
Where CPE Z electrode resistance, Q the combination properties of items associated with each surface, electrically active, and does not depend on the frequency, n is constant value in the range -1 ≤ n ≤ 1. It should be noted that when n is greater value, the more complete and closed of capacitive circuits and the surface is homogeneous, if n value is small this means that the capacitive circuit unclose this will lead to a diffusion control and the surface is not homogeneous, J is imaginary number = -1 and ω is the angular frequency value of the imaginary part at the highest of the impedance is equal to = 2πf (Hosseini et.al., 2003) . It is clear from Table (3) that:
• The decrease of the relative capacitive circuit from their axes attributed to frequency disturbance as a result of the 100 ) / 1 ( % .
. .
heterogeneity of the surface of steel sample under study (Metikos-Hukovic et.al., 1994 ).
• The presence of capacitive loops show that the process of corrosion is under charge transfer control, i.e., under activation control (Muralidharan, 1993; , where it is noted that by increasing acid concentration the radii of the circuit decrease (R ct decrease) while increasing the value of C dI due to the increase in the concentration of active species such as H + at the electrode surface with increasing acid concentration, which lead to increase the charge transfer process at the electrical double layer.
• The value of n at all concentrations close to unity and diffraction of the unit due to the dispersion in the frequency of a fixed timetable which is a result to the heterogeneity in the electrical items that presence on the metal surface.
Potentiodyanamic polarization measurements (PDP)
Figure (6) shows the effect of H 2 SO 4 concentration containing 10% EtOH on the cathodic and anodic polarization behavior of mild steel at 30 ⁰ C. It is clear that the increasing in acid concentration lead to displacement both cathodic and anodic curves to high current densities with the shift in corrosion potential to more positive values (noble potentials). Table ( 4) gives the values of corrosion potential (E corr. ), corrosion current (I corr. ), cathodic (β c ) and anodic (β a ) Tafel slopes for mild steel corrosion at the different concentrations of H 2 SO 4 . The results will be interpreted as:
• A regular increase in corrosion current density I corr. (acceleration of corrosion) with increase acid concentration, as illustrated in Figure ( 7a) the dependence of I corr. on the concentration of the acid according to the following equation (Murthy and Dwarakadasa, 1995) :
Where a and b are constants depend on the characteristics and properties of sample surface.
• The displacement in E corr. to more positive (less negative) values as increase of acid concentration indicate on the contribution of each of the cathodic and anodic process in the process of corrosion, where the increase in E corr. values indicate that the corrosion of mild steel in H 2 SO 4 solutions containing 10% EtOH is under the anodic control (Uhlig, 1971) . Figure (7b) gives the relationship between the E corr. and logC according to the following equation (Beccaria and Poggi, 1986) :
where E ⁰ corr. represents corrosion potential when the concentration of acid equal to unity, R universal gas constant, T temperature in Kelvin, n the number of electrons, F Faraday constant = 96500 coulomb and C concentration, it has been found that the value of n = 9.1338×10 -2 . The plots of I corr. and/or E corr. Vs. log C of acid give a straight lines with correlation coefficient equal to 92.27 and 96.91, respectively and the line indicates to the corrosion of mild steel depend on acid concentration. Dissolution of iron (mild steel) metal which occurs at the anode is spontaneous process, while, the cathodic process under these conditions, in presence of sulfuric acid, is represented by the reduction reaction is hydrogen gas evolution as in the equation:
Effect of
Where H ads. is hydrogen ions adsorbed on metal surface which catalyze to react with another hydrogen ions to contain covert hydrogen gas in bubble form on cathode surface. The amount of hydrogen gas evolved in presence of inhibitor depends on its ability to prevent this reaction and protected the metal from corrosion (Oguzie, 2005) . Figures (8 and 9) show the variation of hydrogen volume evolved as a function of time when immersion of mild steel sample in 1.0 M H 2 SO 4 containing 10% EtOH in presence of aqueous extract (Fig.(8) ) and alcoholic extract (Fig.(9) ) of ZSC plant at 30 ⁰ C, respectively. A straight lines in all figures were obtained. The presence of an induction period which it is necessary to begin the metal dissolution and the evolution of hydrogen gas is found. It is clear that the induction period increased with concentration of aqueous extract and /or alcoholic extract increase, i.e., reduction in the corrosion rate, but in the case of alcoholic extract after concentration 5%v/v, the induction period become less, this means that is increased in corrosion rate of mild steel sample. Also mass loss measurements give a similar behavior to the measurements of hydrogen gas, this behavior indicates to the high
ability of the extracts to inhibit the corrosion of mild steel under study and the efficiency of inhibition depends on the concentration of aqueous extract and alcoholic extract of ZSC plant. Tables (5 and 6) give corrosion rates (R corr. ) and inhibition efficiency (Inh.%) calculated from HE and ML methods. It is clear from the Tables that there are a decrease in the corrosion rate (increase in Inh.%) by increase the concentration of aqueous extract and alcoholic extract of ZSC leaves and made a more effective equal 91.24 from MLM and 92.62 from HEM, respectively at the concentration 20.0%v/v of the aqueous extract, whereas alcoholic extract (Table(6)) gives corrosion rates which decrease as increase in concentration of the extract until it reaches to 5.0%v/v, after that an increase in the rate of corrosion will occur by increase the concentration of the extract lead to more less but the inhibition efficiency still high (around 90 % ) .
The increase in the Inh.% by increase concentration of the extract may attributed to a dissolved complexes as a result of the interaction of components of the aqueous extract and / or alcoholic extract of the ZSC plant with mild steel surface and adsorbed on the surface of the sample, leading to increase the inhibition efficiency as concentration of the extract increased, where the adsorption of these complexes lead to block most of the active centers on the surface of the mild steel sample and thereby increasing the surface coverage (Orubite and Oforka, 2004; El-Etre, 2006; . But at high concentrations of alcoholic extract of ZSC plant, the complexes formed on mild steel surface become soluble complexes in solution, leading to less coverage of the surface of mild steel sample and to less inhibition efficiency.
Electrochemical Study
Electrochemical impedance spectroscopy measurements (EIS)
Figures (10 and 11) show electrochemical impedance spectra of mild steel under study at the open circuit potential in 1.0 M H 2 SO 4 solution containing 10% EtOH at 30ºC in the presence of different concentrations of aqueous extract and alcoholic extract of the ZSC plant, respectively. It is clear from the figures that the presence of a capacitive loops at the low frequencies accompanied by the spread of diffusion tail at the high concentrations of the extracts especially in aqueous extract. Table (7) gives the electrochemical impedance parameters, R ct , n, C dI and Inh.% of mild steel sample in 1.0 M H 2 SO 4 containing 10% EtOH in the absence and the presence of different concentrations of aqueous extract and alcoholic extract of ZSC plant, and the results interpreted as:
• The presence of organized capacitive circles in the absence and presence of different concentrations of aqueous and alcoholic extracts of ZSC plant indicates that the mechanism of corrosion of mild steel sample is under charge transfer control and the presence of the two extracts of ZSC plant did not change the mechanical of corrosion (Metikoš-Hukovi and Babic, 1998; Larabi et.al., 2004; Bentiss et.al., 2005 ).
• The radii of the capacitive circles increased by increasing the concentration of the two extracts, which means that the increase in charge transfer resistance (R ct ), indicating that a thin layer of extract molecules formed and adsorbed on the metal surface, so the increase of the corrosion inhibition for mild steel sample under study will occurred. The increase the electrical double layer capacity (C dI ) with increase the concentration of the extracts by adsorption the components of ZSC plant on the surface of mild steel sample, which leads to reduced thickness of the charged double layer on the surface of mild steel (Aramaki et.al., 1987) is suggested. It is found that in the case of alcoholic extract, by increasing the concentration increase the value of charge transfer resistance (R ct ), until it reaches to 7.0% v/v after this, the increase in the concentration of alcoholic extract lead to decrease in R ct value, where this concentration called the critical concentration.
• The appearance of diffusion tail in the presence of high concentrations of aqueous extract indicates, the formation of a porous layer from extract components (Chen et. al., 2000) with a degree of protection depends on the porosity of this layer. The pores control in the spread of ions to and from the metal surface, this is expected to be less porosity with increasing concentration of the extract. Figures (15 and 16) show the cathodic and anodic polarization curves for mild steel corrosion in 1.0 M H 2 SO 4 containing 10% EtOH in the absence and the presence of different concentrations of aqueous extract and alcoholic extract of ZSC plant at 30ºC, respectively. It is noted that the addition of increasing concentrations of the extract accompaniment by a parallel shift for each of cathodic and anodic polarization curves towards the areas with low current densities. As shown in Table ( 8) , the values of corrosion potential (E corr ), corrosion current (I corr. ) and Tafel slopes (β c and β a ) for mild steel in absence and presence of different concentrations of the two extracts of ZSC plant, the results are interpreted as follows:
Potentiodynamic polarization measurements (PDP)
• E corr shifted to more negative values and / or less negative in irregular way, this shift in cathodic and anodic curves show that the extracts under study acts as mixed inhibitors to control both the cathodic and anodic reactions.
• The inhibition efficiency (Inh.%) increases (lower rates of corrosion) in the case of aqueous extract of ZSC plant with increasing the concentration, it gives the highest percentage of inhibition equal to 64.06% at a concentration 20%v/v, whereas in the case of alcoholic extract the inhibition efficiency increase with increasing the concentration up to 5.0%v/v (critical concentration), where the percentage of inhibition is equal to 87.11% after that the decrease inhibition efficiency occurs with increasing the concentration of alcoholic extract, this means, an increase in corrosion rates, i.e., the inhibition efficiency increase with increasing concentration of the extract to reach the critical concentration and then decreased with the increase of concentration. The decrease in the corrosion rate can explain to the inhibition efficiency of aqueous extract and alcoholic extract of ZSC plant on the cathodic part of polarization curves through the reduction of hydrogen ions H + and also its effectiveness on the anodic part due to adsorption of the extract components on the surface of mild steel sample which contain a barrier hinders the process of hydrogen gas evolution and metal dissolution (Arab and Emran, 2008 ).
• Table ( 8) shows that, Tafel slopes β c and β a have values which is almost constant in both extracts (aqueous and alcoholic) do not differ from those observed in uninhibited solution and can be explained by the fact that the component particles of the extracts are adsorbed on the active centers on mild steel surface by simple mechanical block (Abdel-Gaber et.al., 2006) . No change in the corrosion mechanism by adding different concentrations of the inhibitor is suggested, this has been found in a previous study (S. Rengamani, 1993) .
Tables (9 and 10) illustrate the inhibition efficiencies (Inh.%) for mild steel corrosion in 1.0 M H 2 SO 4 containing 10% EtOH in absence and presence of different concentrations of the extracts of ZSC plant at 30ºC from different techniques. It is clear that simple differences between Inh.% calculated from the chemical and electrochemical methods due to that the chemical measurements give an intermediate average corrosion rates while the electrochemical measurements give an instantaneous corrosion rates (Rengamani et.al., 1993; Arab et. al., 2005) . As shown from Table (10) that the highest percentage of inhibition were recorded at a concentration of 5.0%v/v of the alcoholic extract from chemical measurements (HE and ML) and from polarization measurements (PDP) and at concentration 7.0%v/v from impedance measurements (EIS) due to the different methods of measurement.
Adsorption Isotherm
The inhibition process in an acid environment occurs by appropriate adsorption of inhibitor molecules or components of the extract under study at the interface metal / solution and the adsorption process occurs as a result of the existence of electrostatic attraction between:
1. Metal-charged and the particles of charged inhibitor.
2. The polar interaction between uncharged inhibitor molecules with the metal.
3. Interaction of the type π with the metal.
4. All of the above (Schweinsberg et.al., 1988) .
The adsorption process depends on the electronic structure of the inhibitor (molecules of extract), the nature of metal surface, reaction temperature and the number of active centers on the surface (Abdel-Gaber et. al., 2006) .
The decrease in corrosion rate of mild steel under study by adding the studied extracts of ZSC plant due to the adsorption of components of the extract on the metal surface or to form a protective barrier layer which separate the surface of the mild steel sample and the center of corrosion (Rengamni et.al., 1994; Muralidharan et. al., 1995) . The adsorption process can be described by two main types of interactions: physical adsorption and chemical adsorption, or both, the type of adsorption depends on the nature and charge of the metal, structure of the extract and the type of electrolyte solution (Bentiss et.al., 1999) . Figure (17) illustrates the relationship between Inh.% deduced from different methods and the logarithm of the concentration of the studied extracts.The figure shows an adsorption curves with S-shape adsorption isotherm, which indicates that the interaction takes place in one step attributed to the formation of a single layer of extract molecules adsorbed on mild steel surface in the case of aqueous extract. But in the case of alcoholic extract the curve indicated that the adsorption will occur in two steps, because the alcoholic extract contains a large number of active substances are extracted from ZSC plant with alcohol that are more than that in the case of aqueous extract, since it is possible that adsorb some small molecules on mild steel surface followed by adsorption of flavonoid compounds and alkaloids of large size. In the case of aqueous extract the waxes, and sugars found in ZSC plant will be extracted and these materials would reduce the inhibition effectiveness.
The decrease of inhibition efficiency in the case of alcoholic extract after critical concentration due to the presence of organic compounds in alcoholic extract, which form a fixed complexes and/ or less stable have an oxidative property (Donahue and Nobe, 1967) , and it is clear that at low concentrations of the alcoholic extract the inhibition efficiency increase with increasing the concentration of extract which is proposed to be an insoluble complex adsorbed on mild steel surface, leading to more inhibition efficiency with increasing the concentration of the extract under study, this complex lead to block most of the active centers on mild steel surface, thereby increasing the surface coverage. In contrast, at high concentrations of alcoholic extract, the complex formed becomes dissolved in the solution as a result of the accumulation of a large number of molecules, leading to less surface coverage, and reduced the inhibition efficiency (Frignani, 1965) .
The assumption that the process of adsorption is the process of replacing between extract molecules and water molecules on the electrode surface is as follows (Bockris, J.O'M. and Swinkels, 1964; Bastidas, 2000) :
Where Ex (sol) and Ex (ads) refer to the extract molecules in solution and extract molecules adsorbed on the metal surface, respectively, H 2 O (ads) water molecule adsorb on the metal surface and X is the number of water molecules which replaced by one molecule of the extract. For more information on the electrochemical mechanical interaction is essential to select an appropriate adsorption isotherm. The application of the results obtained it give a straight line as shown in figures (18) and (19) and by applying the following relation (Langmuir) (Tsure et.al., 1978; . Oguzie et.al., 2004) : (12) where C represents the concentration of extract, Θ degree of surface coverage and K ads equilibrium constant of adsorption which related to free energy of adsorption by the following equation (Rengamni et.al., 1994; Muralidharan et.al., 1995; Bockris and Swinkels, 1994; Bastidas, 2000) : 
extracts components on the surface of mild steel sample under study is the basic step in the process of inhibition, the negative value of
indicates that the adsorption process of inhibitor molecules on mild steel surface is spontaneous.
By examining the chemical composition of Zizyphus Spina-Charisti plant, Table ( 1) shows that the extracts of this plant (aqueous and / or alcoholic) contain both alpha -Trbinol, alkaloids, flavonoids, Bepta alkaloid and glycosides. In view of these components it is clear that the majority of organic compounds containing oxygen or nitrogen atoms and all have pairs of free electrons, so these compounds will be able to adsorbe on mild steel surface through the free electrons on the oxygen atom and / or nitrogen atom. The occurrence of the adsorption of the compounds in the extracts on mild steel surface constitutes the barrier for mass and charge transfer, leading to reduced interaction between the sample with central corrosion and thus decrease the corrosion rate, moreover, these compounds may be form complexes with ions of iron (mild steel), causing the covering (lock) of anodic sites (microanodes) and/or cathodic sites (micocathodes) generated on the mild steel surface under conditions of corrosion and lead to disability soluble of iron.
Conclusion
The following main conclusions are drawn from the present study:
• The corrosion rate of mild steel increases with increasing H 2 SO 4 acid concentration (0.25-1.5)M showing first order corrosion reaction without changing the reaction mechanism.
• The concentration of extract increased the rate of steel corrosion is decreased, which indicates that the inhibition of the corrosion process is produced.
• Electrochemical impedance spectroscopy results showed that the corrosion and corrosion inhibition of steel occurred mainly by charge transfer.
•
The electrochemical results of polarization also showed that the extracts of zizyphus Spina-Christi act as mixed type inhibitors, they retarded both cathodic and anodic reaction.
The experimental results from chemical and electrochemical studies were fit Langmuir adsorption isotherm.
•
Value of the standard free energy of adsorption o . ads G Δ , for the extracts have negative sign which indicates that the adsorption process of inhibitor molecules on mild steel surface is spontaneous.
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